In order to evaluate the effect of foliar application by salicylic acid (SA) on vegetative growth and yield responses in cucumber plants under different irrigation levels. Two field experiments were performed at a private farm in Dekernes, Dakahlia governorate, Egypt, in summer seasons of 2017 and 2018, to investigate the impact of four foliar application rates of salicylic acid (0.0, 0.15, 0.30 and 0.45 g/l) and three irrigation levels (1200, 900 and 600 m 3 /fed.) on growth and yield of cucumber cv. Gabbar. Water shortage stress significantly reduced vegetative growth (main stem length, branches number, foliage fresh weight, leaves number and leaves area per plant and yield components; fruits weight and numbers per plant, Vit. C, TSS and total yield (ton/fed.). On contrary, foliar application of SA significantly improved these parameters under water shortage stress conditions. However, the lowest used water irrigation quantity increased leaf and fruits dry matter percentage, sex ratio and water use efficiency. On the other hand, water shortage stress significantly reduced leaf pigments (chlorophyll a, b and carotenoid) as compared to the highest rate (1200 m 3 ) and these were further increased by using SA. Salicylic acid at a concentration of 0.30 g/l gave the highest fruits yield and its components. As well as, 1200 m 3 /fed and 0.3 g/l salicylic acid treatments were recorded the highest values for most effective mentioned criteria.
INTRODUCTION
Cucumber (Cucumis sativus L.) is one of the most important vegetable crops of the Cucurbitaceae family grown in summer season. Cucumbers are commonly harvested when the fruits are physiologically immature. It is eaten as raw and generally used for salad. The fresh cucumber fruits are still a source of vitamin A, vitamin C, vitamin K, vitamin B 6 , thiamin, and potassium (Sahin et al., 2015) .
The growth of cucumber has been seriously influenced by several biotic and non-biotic stresses. Water deficit is one of the most common non-biotic stresses that effects on growth and development of plants (Siamak et al., 2014) . Early investigations reported that water deficit led to decreasing leaves area, main stem length, fruits number and fruits yield (El-Gindy et al., 2009 on squash, Sahin et al., 2015 on cucumber) , Also, leaves fresh weight (Ibrahim and Selim, 2010 on squash) . In addition, drought led to reduction of chlorophyll content on cantaloupes (Ali et al., 2014) . On the other hand, water shortage resulted in increasing of sex ratio of cucumber plant (Kamal et al., 2009) , water use efficiency of cantaloupes (Ali et al., 2014) and free proline of melon (Kavas et al., 2013) .
Salicylic acid (SA) a ubiquitous plant phenolic compound may play a key role in regulate many of processes in plants (Hayat et al., 2008) . Also, it is enhanced plant growth attributes under water shortage on mungbean (Tahereh et al., 2014) . SA resulted in increasing of the antioxidant enzymes and contributing to the increase of plants resistance to drought effects by reducing generation of reactive oxygen species (ROS), activate the translocation of soluble carbohydrates to young cell which led to enhancement plant growth (Metwally et al., 2003) .
In addition, Salicylic acid have a role as cofactors for dismutases, peroxidases and catalases, those catalyzed mitigated of the toxic free radicals (H 2 O 2 ), (OH), (O 2- ). Furthermore, SA was affected on growth development and ion uptake (Simaei et al., 2012) .
Several studies were revealed that SA can reduce the worst impacts of water deficit stress in different species (Arfan et al., 2007) . In this concern, Nasrabadi et al. (2015) showed that melon plants sprayed with 100 ppm of SA produced larger amounts of leaves area, chlorophyll content, fruit ripening duration and TSS than untreated plants. Siamak et al. (2014) reported that SA increased plant height protein content of the chickpea. In addition, Salicylic acid resulted in increasing of leaves area of broccoli (Zohair, 2014) , leaf relative water content of mungbean, total soluble solid (TSS), vitamin C and lycopene of tomato (Hafeznia et al., 2014) and the tubers yield and its component (Metwaly and El-Shatoury, 2017) on potato.
The present study aimed to investigate the influence of SA applications on growth and yield parameters of cucumber plants under different irrigation levels.
MATERIALS AND METHODS
Two field experiments were performed at a private farm in Dekernes district, Dakahlia governorate, Egypt, in the two summer seasons of 2017 and 2018, to study the influence of three irrigation levels and four salicylic acid concentrations as foliar application and their interactions on growth and yield components of cucumber cv. Gabbar grown under drip irrigation system. Physical and chemical analyses of soil are shown in (Table 1) . These experiments were included 12 treatments which were combination between three levels of irrigation (1200, 900 and 600 m 3 /fed.) and four concentrations of salicylic acid (0.0, 0.15, 0.3 and 0.45 g/l) . These treatments were distributed in a split-plot factorial experiment based on randomized complete block design with three replicate. The levels of irrigation were randomly distributed in the main plots while salicylic acid concentrations were randomly distributed in the sub plots, the area of the experimental unit was 24 m 2 . It consists of three dripper lines (16/50) each of them 5m length and 1.6m width. One line was used for yield determination and the other two lines were used to measure vegetative growth parameters. In addition, one row was left between each two experimental units as a guard to avoid the overlapping of spraying solution. Four cucumber seeds were planted manually per hill at two sides of dripper on 1 st and 3 rd of August in the first and second summer seasons, respectively. Plants were thinned at 2 plants per hill after one week from beginning of germination. Three Irrigation water levels were done during two seasons as follows; all experimental units received equal amounts of water during germination for all treatment equally. Irrigation water quantities remainder (m 3 /fed.) was determined by water counter at 2.0 bar, also, drippers flow rate were (4 liter/h). The irrigation treatments were done daily began at 5 th and 7 th August (4 days after planting) and ended 11 and 13 October. Treatments of salicylic acid were added every ten days as foliar application after planting to the end of experiment. All mineral fertilizers were added at recommended dose of N, P, K + Mg, Ca and Trace element, which applied during the two seasons according to fertigation program in the farm. The other normal agricultural practices for cucumber plants, except irrigation treatment were practiced.
Data recorded:
A random samples of four plants from each plot were taken at 35 days after planting to measure all parameters except sex expression, yield and its components were determined during entire growth seasons and the following data were recorded; 1-Vegetative growth characters:
Main stem length (cm), branches number, foliage fresh weight (g), leaves number per plant, leaves area (cm 2 ) per plant and leaves dry matter percentage.
2-Sex expression:
Four plants from each plot were chosen and labeled for the present study. Sex ratio = (male/ female) were determined as number of male and female flowers for each plot every two days intervals up to the end of the season.
3-Water relations parameters
Water use efficiency was estimated according to (Ali et al., 2014) , Electrolyte Leakage and Leaf relative water content were determined according to (Akram et al., 2016) .
4-Fruits yield and its components:
Forty plants (one dripper line) from each plot were chosen and labeled for the present study to measured fruits weight and numbers per plant, fruits DM % and total yield (ton fed).
5-Chemical composition:
N.P.K. percent, chlorophyll a, b and carotenoids content in leaves, Vit. C and TSS in fruits were determined according to A.O.A.C (1990) .
Statistical analysis:
Data for all characters were analyzed using the analysis of variance according to Snedecor and Cochran (1980) .The means were compared using computer program of Costate version 6.303 (Analytical software). Means were compared by LSD test at 5 percent probability level for each trait.
RESULTS AND DISCUSSION

1-Vegetative growth characters:
Data presented in Table 2 illustrate that decrease irrigation levels caused significant decreasing in main stem length (cm), branches number, foliage fresh weight (g), leaves number and leaves area (cm 2 ) per plant. On contrast, leaves dry matter % was increased by decreasing irrigation levels in the 1 st and 2 ed seasons. This decrease can be due to that available less water reducing nutrient availability; Also, water shortage resulted in more production of ROS which led to breakdown of vital material in cells such as DNA, RNA, protein and phospholipids which reflexed to decline of cells division, elongation and development in different plant tissues (Siamak et al.,2014; Sahin et al.,2015) As well as results tabulated in the same table show that there were significant differences in both seasons. Increasing salicylic acid levels increased significantly mentioned characters in both seasons compared to the control. The biggest values of these criteria were registered by using salicylic acid at 0.30 g/l in the both seasons, followed by 0.45 g/l. This could be attributed to the water shortage led to the oxidative damage inevitably, producing reactive oxygen species (ROS) which resulted oxygen reduction (Cruz de Carvalho, 2008) . Salicylic acid prevent the high activity of ROS, improving cell division and elongation of plants tissues, activate translocation of soluble carbohydrates, ion uptake and membrane permeability which reflected in on more growth and development (Simaei et al., 2012) .
The interaction between irrigation levels and foliar spraying of salicylic acid had significant effect on main stem length (cm), branches number, foliage fresh weight (g), leaves number and leaves area (cm 2 ) per plant and leaves dry matter %. Data presented in Table 2 showed that the interaction between 1200 m 
2-Leaves chemical composition parameters:
Results presented in Table 3 indicate that N, P, K, chlorophyll a, chlorophyll b and carotenoids in cucumber leaves tissue were increased gradually by increasing irrigation levels. The highest irrigation levels (1200 m 3 /fed) registered the maximum values in this respect. On the other hand, the minimum values were observed by using 600 m 3 /fed. of irrigation water, these findings may be due to that shortage of water led to reduction cell division and roots formation and nutrients uptake which reflected in reducing of N and Mg nutrient absorption which are necessary for chlorophyll pigments synthesis (Yavas and Unay, 2016) .
Results presented in Table 3 revealed that N, P, K, chlorophyll b and carotenoids attributes in leaves of cucumber plants were significantly increased in the 1 st and 2 ed seasons by using salicylic acid up to 0.30 g/l then decline at 0.45 g/l This increasing may be due to (ROS) has devastating effect for chlorophyll pigments under shortage of water. On contrast, SA useful for mitigation the worst damage of (ROS) on chlorophyll by ameliorate antioxidants systems, increase cell division and elongation, increasing of soluble carbohydrates translocation, (Fasaei, 2013) . In addition, Nazaret al. (2015) reported that SA prevents chlorophyll oxidase enzymes.
Data in Table 3 indicate that the combination between irrigation levels and foliar spraying of salicylic acid had significant effect on N, P, K, chlorophyll a, b and carotenoids content, the optimum values were recorded by using combination consist of 1200 m 3 and 0.30 g/l. On other hand, the lowest values were observed using 600 m 3 /fed. of irrigation water without salicylic acid foliar treatment (0.0 g/l). Our results are in the same line with those obtained by Zohair (2014) Male and female flowers No., sex ratio, leaf relative water content (LRWC), electrolyte leakage and water use efficiency were affected significantly by irrigation levels (Table 4) . Male flowers No., sex ratio, electrolyte leakage and water use efficiency were significantly higher under the lowest irrigation level (600 m 3 /fed.). On other hand, female flowers No. and leaf relative water content were higher under highest irrigation levels 1200 m 3 /fed. These findings could be due to water shortage led to decreasing elements uptake, gibberellins and cytokines level which results in poor roots formation. Water shortage results in the membrane injury and lipid peroxidation, which resulted in increasing of electrolyte leakage % (Scandadalius, 1993) . As for salicylic acid effect, the data in the same table illustrated that, the female flowers No., LRWC and water use efficiency characters were increased compared to the control. The maximum values were noticed at 0.30 g/l salicylic acid followed with 0.45 g/l salicylic acid. On the other hand the minimum values were recorded with the control. On contrast, Male flowers No., sex ratio and electrolyte leakage were decreased by using salicylic acid. Untreated plants treatment gave the highest values while the 0.30 g/l salicylic acid recorded the lowest values of Male flowers No., sex ratio and electrolyte leakage. These results attributed to SA caused decreases in production of 1-aminocyclopropane-1-carboxylic acid (ACC) which precursor to ethylene production in the plant (Li et al., 1992) . Ethylene will led to the increasing of male flower number (Arfan, 2007) .
Data presented in Table 4 indicate that, the interaction combinations were significant in the both seasons, the highest values of male flowers No., sex ratio and electrolyte leakage were recorded with 600 m 3 /fed. water irrigation and 0.0 g/l salicylic acid, on contrast, the minimum values were recorded by using 1200 m 3 /fed. water combined with foliar application of salicylic acid at 0.3 g/l. SA. On the other hand, the maximum values of water use efficiency were achieved by using 600 m 3 and 0.3 g/l salicylic acid. On contrary, the lowest values were noticed with 1200 m 
4-Fruits yield and its components:
Data tabulated in Table 5 revealed that fruits weight and number /plant, Vit. C, TSS and total yield (ton/fed.) of cucumber were gradually decreased by decreasing irrigation levels in the two seasons except fruits DM %. The greatest values were achieved with the highest used irrigation level (1200 m 3 /fed.); whoever the lowest value was noticed with the lowest used irrigation level (600 m 3 /fed.). In other way, the lowest level (600 m 3 /fed.) gave the maximum values of fruits DM%, but the minimum values were recorded using 1200 m 3 of irrigation water. These data could be due to water shortage resulted in increasing (ROS), Ethylene and abscisic acid, on the other hand, photosynthesis, nutritious elements, gibberellins and cytokines will decline in plants (Lahlou et al., 2003) .
Respecting of salicylic acid, it was observed that, fruits weight and number /plant, Vit. C, TSS and total yield (ton/fed.) of cucumber in Table 5 were significantly increased in the both seasons by using salicylic acid up to 0.30 g/l then decline at 0.45 g/l. The highest values were achieved with foliar application of salicylic acid at 0.3 g/l, but the lowest values were recorded the control in the two season of this work. This enhancement in fruits weight /plant, fruits number /plant, Vit. C, TSS and total yield (ton/fed.) could be due to salicylic acid effect on increasing catalase, dismutase, peroxidase, which resulted in breakdown of ROS radicals. On contrast, SA causes decreasing of ethylene production (Li et al., 1992) , auxin oxidation (Fariduddin et al. 2003) , which stimulates plant growth. 
